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ABSTRACT 

This invest igat ion indicates  t h a t  the  bomb (body-fin configuration) 
was stable both longi tudinal ly  and d i r ec t iona l ly  and had neut ra l  effec- 
t i v e  dihedral  except a t  la rge  negative angles of a t tack .  The addi t ion  
of the  pylon caused a s h i f t  i n  t r i m  angle of -4' at  most Mach numbers 
as well as causing the  bomb t o  have negative e f f ec t ive  dihedral  a t  a l l  
pos i t i ve  and s m a l l  negative angles of a t tack .  
pylon had l i t t l e  or no e f f e c t  on the d i r ec t iona l  s t a b i l i t y  charac te r i s -  
t i c s  of t he  bomb. 

This addi t ion of t h e  
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SUMMARY 

The s t a t i c  longitudinal,  l a t e r a l ,  and 'd i rect ional  s t a b i l i t y  char- 
a c t e r i s t i c s  of a l/lO-scale model of t he  Convair TCP bomb have been 
invest igated i n  the  Langley 8-foot t ransonic  tunnel. During t h i s  inves- 
t i g a t i o n  the  Mach number ranged from 0.80 t o  1.2 over an an le-of-at tack 
range of -12O t o  60 at  various sideslip-angle s e t t i n g s  of 0 , f2O, and 
50. The contr ibut ion of the f i n s  and pylon t o  t h e  s t a t i c  s t a b i l i t y  of 
the bomb has been determined over an average Reynolds number range of 

6 12.71 x lo6 t o  13.53 x 10 based on body length.  

8 

The r e s u l t s  of this invest igat ion ind ica te  that the bomb (body- 
f i n  configuration) i s  s tab le  longitudinally and d i rec t iona l ly  through- 
out the  t ransonic  speed range. 
configuration caused a -4O s h i f t  i n  t r i m  angle a t  most Mach numbers, as 
w e l l  as causing the  e f f ec t ive  dihedral t o  become negative at a l l  posi-  
t i v e  and at small negative angles of a t tack .  
pylon caused l i t t l e  or  no change i n  t he  d i r ec t iona l  s t a b i l i t y  character-  
i s t i c s  of the bomb. 

The addi t ion of t he  pylon t o  the  bomb 

This addi t ion of t he  
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INTRODUCTION 
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An invest igat ion of t h e  s t a t i c  s t a b i l i t y  cha rac t e r i s t i c s  of a 1/10- 
sca le  model of t h e  Convair Two Component Pod (TCP) bomb a t  transonic 
speeds has been made at the request of the U. S. A i r  Force. 

The contributions of the f i n s  and pylon t o  the s t a t i c  longitudinal,  
l a t e r a l ,  and d i rec t iona l  s t a b i l i t y  of t he  bomb were invest igated i n  the 
Langley 8-foot tunnel over a Mach number range of 0.80 t o  1.2, through 
an angle-of-attack range of -12O t o  6' at  s ides l ip  se t t i ngs  of Oo, +2O, 
and 5 O .  The average Reynolds number, based on body length, varied from 
12.71 x lo6 t o  13.53 x 10 6 . 

SYMBOLS 

A l l  force and moment coef f ic ien ts  were reduced about t he  body ax i s  
L having t h e  sign convention shown i n  f igure  1. 

center was located a t  the 17.46 body s t a t ion .  
The moment reference 

normal-force coef f ic ien t ,  Norma1 force 
qAB 

Axial force  axial-force coef f ic ien t ,  
@B 

Pitching moment pitching-moment coef f ic ien t ,  
qABd 

rolling-moment coef f ic ien t ,  moment 
qABd 

Yawing moment yawing-moment coef f ic ien t  , 
qABd 

Side force  side-force coef f ic ien t ,  
qAB 

axiEl-force coef f ic ien t  a t  zero angle of a t t ack  

ma- -hmn cross-sect ional  area, 0.07568 f t 2  
c 
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d maximum cross-sectional diameter, 0.31042 ft 

9 free-stream dynamic pressure 

M free-stream Mach number 

R Reynolds number 

U angle of attack, deg 

P angle of sideslip, deg 
A n  
UL 

- per deg 
CnP - ap 

it fin incidence, deg 

APPARATUS 

Tunnel 

The Langley 8-foot transonic tunnel has a longitudinally slotted 
test section to permit continuous operation throughout the transonic 
speed range up to a Mach number of 1.2 without choking. 
of the Langley 8-foot transonic tunnel are presented in reference 1. 

Complete details 

Model 

The model used in this investigation consisted of a body of revolu- 
tion having a fineness ratio of 10.92, a pylon used to .attach the bomb 
to the aircraft, and three fins set at 120' apart with the lower fin 
vertical as shown in figures 2 and 3. The two upper fins will be 
referred to as the horizontal fins throughout this report. 

Tests and Measurements 

Tests were made in the Langley 8-foot transonic tunnel through a 
Mach number range of 0.80 to 1.2 on the basic body; body and pylon; 
body and fins (it = Oo) ;  and body, horizontal fins (it = Oo, 2" ) ,  and 
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pylon. 

A t e s t  was a l so  made with the  body-pylon-fin (it = Oo) configuration 
ro ta ted  90° with respect t o  the  horizontal  and a t  an angle of a t tack  of 
-5' while t h e  angle of s ides l ip  was varied from -120 t o  60. Transit ion 
w a s  f ixed during the  e n t i r e  invest igat ion by applying No. 100 carborundum 
grain t o  t h e  forward 10 percent of t h e  bomb body. 

These configurations were t e s t e d  over an angle-of-attack range 
of -12' t o  6 O  and at  various s ides l ip  se t t i ngs  of p = 00, 220, and 5 O .  

* 

A six-component strain-gage balance, i n t e rna l ly  mounted and 
attached t o  a s t ing  support system, w a s  used t o  measure the  forces  and 
moments experienced by the  model. The angle of a t t ack  w a s  measured by 
an e l e c t r i c a l  strain-gage pendulum device located j u s t  ahead of t he  
balance. 
j u s t  inside the  base of t h e  model and w a s  used t o  correct  the pressure 
a t  the  base of the model t o  that of the free-stream static pressure. 

The base pressure w a s  measured by a s ta t ic -pressure  o r i f i c e  

The var ia t ion  of the  average Reynolds number with Mach number i s  
shown in  f igure  4. 

c 

Accuracy 
0 

The following estimated accuracy of t he  coef f ic ien ts ,  based on 
balance accuracy and r epea tab i l i t y  of the  data,  i s  estimated as: 

f 

C N . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.014 
CA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.0043 
C m .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.024 
c z . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.0010 
c n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.013 
C y . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.0054 

RESULTS AND DISCUSSION 

Basic Aerodynamic. Data 

The bas ic  data  of normal-force, axial-force,  side-force, pitching- 
moment, rolling-moment, and yawing-moment coe f f i c i en t s  p lo t t ed  against  
angle of a t tack  a t  p = Oo, 220, and 5 O  are presented i n  f igure 5 ,  
Figure 6 presents the var ia t ion  of t he  bas ic  da ta  with angle of side- 
s l i p  p at an angle of a t t ack  of - 5 O .  



I t  Longitudinal S t a b i l i t y  

' 4  

The body-alone configuration w a s  unstable throughout t he  Mach num- 
ber  and angle-of-attack range shown in  figure 5(a). 
t h e  pylon t o  the  body alone caused l i t t l e  o r  no change i n  t h e  longitudi- 
nal s t a b i l i t y  charac te r i s t ics  of t h i s  configuration. 

The addi t ion of 

The body-fin configuration had posi t ive longi tudinal  s t a b i l i t y  w i t h  
a s l i g h t  decrease i n  s t a b i l i t y  at angles of a t tack  near Oo a t  Mach num- 
be r s  ranging from 0.80 t o  1.03. 
1.2, t h e  curves tended t o  become more l i nea r .  

A s  the Mach number was increased t o  

The data  of figure 5(a) show that a l l  configurations except t he  
body-pylon-fin (it = 0') configuration trimmed at  zero angle of a t t ack  
a t  each Mach number. 
configuration resul ted i n  a s h i f t  i n  t r im angle from a = Oo 
mately -4' at a l l  Mach numbers except at  M = 1.2 where t h i s  s h i f t  w a s  
about lo less. This s h i f t  i n  t r i m  angle experienced by the body-pylon- 
f i n  configuration could possibly be a t t r i bu ted  t o  a change i n  flow angu- 
l a r i t y  over the f i n s  caused by the  pylon. 
i n  effect increased the f i n  incidence r e su l t i ng  i n  a negative s h i f t  i n  
t r i m  angle. However, by employing a -2O incidence t o  t h e  horizontal  
f i n s ,  the configuration w a s  made t o  t r i m  at an angle of a t t ack  of 0' at 
a l l  Mach numbers except a t  a Mach number of 1.2 where t h e  t r i m  angle 
w a s  moved t o  an angle of attack of lo. 

The addi t ion of t he  pylon t o  the  body-fin (it = Oo) 
t o  approxi- 

T h i s  change i n  flow angular i ty  

A l l  configurations employing f i n s  were s t ab le  at each s ides l ip  
s e t t i n g  used during t h i s  invest igat ion w i t h  p i tching moments similar t o  
those a t  p = 0'. (See f i g s .  >(a),  ( c ) ,  (e) ,  and (g ) . )  

Lateral S t a b i l i t y  

The body-fin configuration had neutral  e f f ec t ive  dihedral  a t  a l l  
pos i t i ve  and small negative angles of attack a t  each Mach number shown. 
(See f i g .  7.) A s  t he  angle of a t tack w a s  decreased fu r the r  t h i s  con- 
f igura t ion  became unstable except at angles of a t tack  below -11' a t  a 
Mach number of 0.80 where the  body-fin configuration had pos i t ive  effec-  
t i v e  dihedral  

The body-pylon configuration had pos i t ive  e f f ec t ive  dihedral  through- 
out t he  angle-of-attack and Mach number range. 
dihedral  decreased w i t h  an increase i n  angle of a t tack .  

The degree of e f f ec t ive  

The combination of t he  pylon and . f ins  caused the  bomb t o  have nega- 
t i v e  e f f ec t ive  dihedral a t  a l l  posi t ive and s m a l l  negative angles of 
a t t ack  ( - 2 O  or  less).  The flow in te rac t ion  between t h e  pylon and 
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b '  
the  horizontal  f i n s  plus  the  f a c t  that the lower v e r t i c a l  f i n  w a s  more 
exposed i n  these a t t i t u d e s  could possibly cause t h i s  l o s s  i n  s t a b i l i t y .  * 

Directional S t a b i l i t y  

The body-pylon configuration had negative s t a t i c  d i r ec t iona l  sta- 
b i l i t y  throughout the angle-of-attack and Mach number range except a t  
a = -10' at a Mach number of 0.80. (See f i g .  8.) 

The body-fin configuration w a s  stable throughout t he  e n t i r e  angle- 
of-attack and Mach number range w i t h  a g rea t e r  degree of s t a b i l i t y  a t  
pos i t ive  angles of a t tack.  This  increase i n  s t a b i l i t y  could possibly 
be a t t r i bu ted  t o  the  lower v e r t i c a l  f i n  emerging from the wake of the  
body; thus, more f i n  area w a s  exposed t o  the flow, increasing the  f i n  
effect iveness  a t  these pos i t ive  angles of a t tack .  

The addi t ion of the pylon t o  the body-fin configuration had only a 
s l i g h t  e f f ec t  on the  d i r ec t iona l  s t a b i l i t y  of t he  body-fin configuration; a 
t h i s  e f f ec t  added t o  the s t a b i l i t y  of the bomb except a t  negative angles 
of a t t a c k  grea te r  than -9'. 

Q 

#/ 

Axial Force 

The addi t ion of the pylon t o  the body-fin configuration increased 
t h e  axial-force coef f ic ien t  by an increment of approximately 0.02 at 
Mach numbers ranging from 0.80 t o  0.95. 
r ise  Mach number ( M  = 0.95) the increase i n  axial force  became g rea t e r  
w i t , h  a maximum increase of 0.034 a t  a Mach number of 1.2. 

(See f i g .  9 . )  Above the  drag- 

The -2' f i n  incidence employed had only a s l i g h t  e f f e c t  on the  
a x i a l  force.  

CONCLUDING REMARKS 

The r e s u l t s  of t h i s  invest igat ion of a l / l 0 - sca l e  model of the 
Convair TCP bomb indicate  that t h e  bomb (body-fin configuration) is  
s t ab le  longi tudinal ly  and d i r ec t iona l ly  throughout t h e  t ransonic  speed 
range. 

The addi t ion of the pylon t o  the  bomb configuration caused a -4' 
s h i f t  i n  t r i m  angle at most Mach numbers, as w e l l  as causing the  effec- 
t i v e  dihedral  t o  become negative a t  a l l  pos i t i ve  and a t  small negative 
angles of a t tack .  
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The addi t ion of the pylon t o  t h e  bomb configuration had l i t t l e  o r  
no e f fec t  on the s ta t ic  d i r ec t iona l  s t a b i l i t y  cha rac t e r i s t i c s  of the 
bomb. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  Va . ,  September 19, 1958. 
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Body and fins (i+=Oo) 
0 Body and pylon 
A Body, fins,and pylon (it=Oo) 

* 

I I I Y I  1 I M=1.201 I I I 1 
-,02 -/2 ' -10 -8 -6 -4 -2 0 2 4 6 8 

Angle of attack,a,deg 

Figure 7.- Variation with angle of a t t a c k  of t h e  e f f e c t i v e  dihedral  
parameter. 
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Body and fins (it =Oo) 
0 Body and pylon 
A Body,fins,and pylon (i,=oo) 

Angle of attackp, deg 

Figure 8.- Variation with angle of a t t ack  of the  s t a t i c  d i r ec t iona l  
s t a b i l i t y  der ivat ive.  
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0 Body and fins (it=Oo) 
OBody and pylon 
A Body, fins,and pylon (it=Oo) 
hBody,fins,and pylon ( *  = - p )  
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Mach number,M 
* Figure 9.- Variation with Mach number of t h e  axial-force coef f ic ien t  

a t  zero angle of a t tack .  V 
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